Introduction
Indirect scalar spin-spin coupling is a well known phenomenon in NMR investigations of nuclei with spin 1/2. If the spin of the nucleus under consideration is greater than 1/2 the interaction of the associated electric quadrupole moment with electric field gradients produces an effective nuclear relaxation mechanism causing wide lines. Hence, the splitting due to spin-spin coupling with other magnetic nuclei and especially with other quadrupolar nuclei is seldom observable. At least the ratio 27 + 3 (e g).
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1 Vj must be favourable for the quadrupolar nuclei. This is the case for 2 H, 17 0 and 133 Cs. Disregarding 2 H, the quadrupole moment of which is extremely small, splittings due to spin-spin coupling involving two quadrupolar nuclei in liquids have been resolvable by our knowledge only in perchlorate 1 , permanganate 2 , molybdate 3 and pentaborane 4 solutions.
In the following some further examples of spinspin coupling between quadrupolar nuclei in aqueous solutions of oxyanions observing both 1 '0 and the central nucleus are reported. It was one of the aims of this work to get informations on the systematic behaviour of spin-spin coupling constants in the isoelectronic series V0 4 3-, Cr0 4 2-and Mn0 4 -.
Experimental
The measurements were done with a multinuclei Bruker pulse spectrometer SXP 4-100 in a magnetic field of 2.114 T produced by a high resolution Bruker 15" magnet system, externally stabilized by the Bruker NMR stabilizer B-SN 15. The free induction decays were accumulated and Fourier transformed by the Bruker BNC 12 computer. Some essential features of the observed nuclei 17 The procedure of the preparation of the enriched samples was the following: At first the respective salt was dissolved in water, which was enriched in 17 0. After a waiting time of a few hours the ap- in the described solution is given. The frequency increases from the right to the left. The signal at lower frequency is due to the V0 4 3-ion and that one at higher frequency is due to the Vo0 7 4-ion. 10 ' n ). To get by a computer program a similar lineshape as that one given in Fig. 1 for 17 0 in the V0 4 3-ion one has to take into account the given ratio of the intensities and of the linewidths and a further broadening, unspecific for the different lines of the multiplet.
In Fig. 2 the absorption signal of 51 V in the mentioned sample is given. The frequency increases now from the left to the right. The signal at lower frequency is due to the V 2 0 7 4-ion and that one at higher frequency is due to the V0 4 3-ion. The chemical shift of the 51 V signal in the V 2 0 7 4-ion relative to the V0 4 3~ ion is -18.5 ppm.
The signal of 51 V in the V0 4 3~ ion is composed of a signal of such ions, which contain no 17 53 Cr signal has been fitted, too. Fairly good results could be achieved under the following conditions: The same linewidth of 9 Hz was assumed for the central line and for all satellites, further equal intensity for all 6 satellites was used. The ratio of the intensities of chromate ions with no 17 0 isotope to those with one 17 0 to those with two 17 0 isotopes was determined from the isotopic composition of the sample. The result for the coupling constant is: 3 and the value of the present work given also in Table 2 . In the 17 0 NMR pattern, the multiplet is shifted a small amount to lower frequency relative to the central line. This small shift may be an isotopic effect. Table 2 and from the gyromagnetic ratios of 17 0 and the corresponding nuclei 51 V, 53 Cr and 55 Mn, are consistent with a linear dependence on the atomic numbers of the metallic nuclei in the isoelectronic series V0 4 3 ", Cr0 4 2~ and Mn0 4~.
Conclusions
Indirect spin-spin couplings between two quadrupolar nuclei in ligands are usually not easy to observe due to the broad lines and weak signals.
It is very useful to detect the NMR signals of both nuclei, which are connected by the spin-spin coupling for a selection of the most favourable nucleus for the evaluation of the coupling constant.
In the observed oxyanions the scale of the found patterns ranges from fully resolved spectra for both involved nuclei in Mo0 4 2_ to only a weakly structured line of 53 Cr and a single line of 17 0 in the chromate ion.
